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SUMMARY
Normotensive subjects with family history of hypertension
(FHT) have been reported to have increased left ventricular
mass index and reduced ventricular compliance.  Of interest
is whether blood pressure variability (BPV), which has been
associated with target organ damage, is then part of this
complex inherited syndrome?  The objectives of this study
are to determine whether there are any significant
differences in BPV, arterial compliance and humoral factors in
subjects with FHT as compared to controls.  Thirty-five
subjects with self reported FHT and 35 matched controls
underwent 24 hour BP monitoring (BR-102, Schiller Inc.
Germany).  Arterial compliance was measured using systolic
pulse wave tonometry (HDI/Pulsewave Cardiovascular
Profiling Instrument, Hypertension Diagnostic Inc. USA).
None of the subjects were hypertensive or diabetic.  Out of
these numbers, 25 subjects with FHT and 26 controls had
measurements of plasma catecholamines, plasma renin and
serum aldosterone. Catecholamines were assayed with high
performance liquid chromatography, while both renin and
aldosterone measurements were by radioimmunoassay.
Subjects with FHT have higher night time BPV.  There was no
significant difference in arterial compliances between both
groups.  There were increased level of norepinephrine (NE) in
subjects with FHT but epinephrine (E), renin and aldosterone
levels were similar in both groups.  There were no
correlations between NE and BPV but E was negatively
associated with daytime and mean arterial systolic BPV. In
conclusion subjects with FHT demonstrated a higher night
time BPV and NE level as compared to controls. 
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INTRODUCTION
It is suggested that hypertension is not simply a disease but
rather a complex inherited syndrome of cardiovascular risk
factors.  Several new findings in normotensive patients with
family history of hypertension (FHT) have led to the theory
that patients may have coronary artery disease (CAD) before
the actual onset of elevated BP. Normotensive subjects with
FHT have been reported to have significantly higher
cholesterol level1, increased left ventricular mass index2,
significant reduction in ventricular compliance3,4, reduced
arterial compliance5,6 and increased neuroendocrine
hormones1 . 
The circadian variation of acute myocardial infarction7,8,
sudden cardiac death9,10 and transient myocardial ischaemia11
has been reported.  It has been observed that the BP also has
a definite circadian pattern12.   The moment to moment
changes are termed as blood pressure variability (BPV). Higher
BPV has been reported among hypertensives13.  Higher office
BP 3 and 24 hour BP14,15 has been reported among FHT subjects.
As far as BPV is concern, there have been contradictory results
by previous studies.  Manuck et al.16 found that there was no
difference with regards to BP reactivity due to mental stress
test in subjects with FHT and the matched control but
Lemne17 revealed that even a mild level of heredity for
hypertension leads to increase BPV, in particular 24-hour and
daytime systolic BPV.  Is BPV then part of the complex
inherited syndrome?  
The recent advances in non-invasive monitoring and vascular
imaging have led to a number of indices of arterial function
at different levels of the arterial tree which are now being
applied as surrogate markers for CAD18.  The decline in large
and small arteries compliances, reflecting structural or
functional changes have been demonstrated19.  In disease
states such as hypertension, diabetes, atherosclerosis and
smoking, the reduction in the compliance is prominent at the
smaller vessel20.  As compliance reduction in the disease states
has been suggested as a marker for the early stages of vascular
diseases, it is interesting to find out whether it is a feature in
subjects with FHT, and whether it may explain the underlying
pathology of BPV. 
The determination of whether humoral factors are associated
with the development of hypertension in subjects with FHT
so far yielded contradictory results.  While Neutel et al.1 found
a significantly high norepinephrine (NE) levels in subject
with FHT, Manuck et al.16 reported similar plasma level of NE
and epinephrine (E) in young normotensive men having
either one or two hypertensive parents or normotensive
parents.  This is supported by another study which found that
there was no significant difference in sympathetic activity,
measured as muscle sympathetic nerve activity burst21.
Plasma renin level has been shown to correlate positively
with the low frequency component of diastolic BPV in
hypertensive subjects22 but not by other studies16,23.
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Aldosterone, which has been associated with baroreflex
dysfunction both in animal24,25 and human studies26,27 was not
significantly correlated with changes of systolic or diastolic
BPV in hypertensives22.  A study described a negative
relationship between aldosterone and systemic arterial
compliance28.  The relationship was not influenced by age or
level of BP and was not observed for local arterial compliance
in radial artery.  
The major proportion of BP variance can be attributed to the
genetic factors rather than the environmental factors29.  The
objectives of the study are therefore to determine whether
there is any difference in BPV among subjects with FHT as
compared to control and whether arterial structural factor,
namely arterial compliance or humoral factor such as
catecholamines, renin and aldosterone play an important role
in modulating the amplitude of fluctuation in BP in subjects
without clinical evidence of disease state. 
MATERIALS AND METHODS
Study Participant
Thirty-five subjects were matched with 35 controls in terms
of age, sex and body mass index (BMI).  Subjects were
recruited from Tengku Ampuan Afzan Hospital outpatient
department and among the medical students of International
Islamic University of Malaysia (IIUM).  The matched controls
were from the same setting. All subjects were normotensives.
The study had been approved by the Ethical Committee of
the IIUM.
Family history of hypertension was defined as self reported
history of hypertension in the first-degree family, which
includes biological parents or siblings30.  Their reports
included the knowledge of being aware of the diagnosis of
hypertension and knowing that their first degree family
members had a regular follow up in clinics.   Subject who was
unsure of the health status of the first-degree family was not
included. 
Ambulatory Blood Pressure Measurement and Arterial Compliance
Noninvasive ambulatory BP monitoring (ABPM) and arterial
compliance was performed as previously described13.  Briefly,
the study was initiated between 0830 to 1000 hour and the
ABPM was set to measure blood pressure 15-minute intervals
from 0600 hour to 2200 hour and 30 minute interval from
2200 hour to 0600 hour.  The non-dominant arm was used for
cuff placement. This recorder fulfills the criteria of the British
Hypertension Society and the Association for the
Advancement of Medical Instruments31.  Arterial compliance
were determined by using the HDI/Pulsewave Research
Cardiovascular Profiling Instrument (C-VPI) Model CR-200
(Hypertension Diagnostic Inc. Eagen, MN, USA), a non-
invasive arterial pulse pressure sensor. 
Humoral Factors Measurement
The studies were carried out in a temperature-controlled
room (22-24 0C) between 8 to 10 am to maintain consistency
with the subjects remaining in supine position to minimize
diurnal variation32,33 and posture effects34 respectively.
Brachial vein of the non dominant arm was cannulated with
an indwelling intravenous catheter and was kept open with
heparin lock.  After the instrumentation, the patients were
left lying supine in a quite room.  After 30 minutes, 3.0 mL of
blood was withdrawn from the vein to flush out heparin and
4.0 mL of blood was collected in prechilled lithium
heparinate monovettes which were prefilled  with 100 µL of
an antioxidative solution containing 61g of glutathione and
76g of ethylene glycol tetraacetic acid (EGTA) per litre for
analysis of E and NE.  These tubes were placed in a container
filled with ice cubes to maintain temperature at 40C.  Another
4.0 mL of blood was collected in a non chilled EDTA tubes for
plasma renin assay and 2.0 mL of blood was collected in a
plain tube for serum aldosterone assay.
For catecholamines, blood samples were centrifuged at
3000rpm for 10 min at 40C.  The plasma were removed and
frozen at -700C.   Briefly, for catecholamine absorption,
alumina was activated by heating at 2000C for about 2 hours.
The method was carried out with a slight modification from
the Clinical Neurochemistry Laboratory Procedure Manual35.
Plasma was thawed at room temperature.  In a 2 mL tube, 1.2
ml of plasma was combined with 40 µL of 3,4-
dihydroxybenzylamine hydrobromide (DHBA) as the internal
standard, 10 mg of activated alumina and 320 µL of 2 mol/L
Tris / 20g/L Sodium Ethylene-diamine-tetra-acetic acid
(EDTA) at pH 8.7.  The sample mixture was then wrist-shaken
for 15 minutes, after which it was centrifuged at 9000 rpm for
1 minute.  The supernatant was discarded.  The alumina
retained was washed with 800 µL of distilled water and shook
for 1 minute.  It is then centrifuged for 1 minute.  This process
was repeated for three times.  For catecholamine desorption,
100 µL of acetic acid was added to the retained alumina.  This
mixture was vortex-shakened for 15 minutes.  It was
centrifuged for 1 minute.  The supernatant containing acetic
acid with the desorbed catecholamine was then filtered
through a 0.045 µM syringe filter into a plain eppendorf tube.
The first 20 µL withdrawn was discarded.  The next 20 µL
withdrawn was injected to high pressure liquid
chromatography (HPLC) column.  Duplicate injections were
made to obtain average values.  The retention times were 7.1
minutes for NE, 9.0 minutes for E and 11.2 minutes for
DHBA.  The detection limit for E and NE were 24 pg/20 µL
and 23 pg/20 µL respectively. The intra assay coefficients of
variations (CV) for NE were 5.8% at 100 pg/ 20 µL and for E
4.0%.  The inter assay CV at 100 pg/ 20 µL for NE was 6.4%
and for E  9.0%.
For renin and aldosterone, the blood samples were
centrifuged at 5000 rpm for five minutes at room temperature
and then immediately frozen at -200C until assayed. Plasma
renin was measured using a two site radioimmunometric
assay kit (The Nichols Institute Active Renin, Nichols
Institute Diagnostics, San Juan Capistrano, CA, USA).
Aldosterone was measured with radioimmunoassay using a
commerciable kit, Coat-A-Count kit (Diagnostic Products
Corporation, Los Angeles, CA).
Study Protocol
Clinic BP measurements and blood samples were taken after
the subjects were briefed on the study and informed consent
had been obtained.  The participants were included if they
met the inclusion criteria, where the ABPM device was put on
at visit 2.  The next day after the completion of 24 hour BP
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Controls FHT
n 35 35
Age (years) 38 + 13 (20-63) 37 + 13 (20-60)
Sex (M: F) 18:17 18:17
BMI 24.9 + 4.6 25.7 + 4.8
Office BP
SBP 120 + 19 119 + 18
DBP 78 + 11 79 + 11
MAP 92 + 13 92 + 13
Fasting Blood Glucose (mmol/L) 5.1 + 1.2 5.3 + 2.1
Total Cholesterol (mmol/L) 5.5 + 1.1 5.1 + 1.1
High Density Lipoprotein (mmol/L) 1.5 + 0.4 1.4 + 0.3
Low Density Lipoprotein (mmol/L) 3.5 + 1.1 3.1 + 1.0
Triglyceride (mmol/L) 1.1 + 0.7 1.2 + 1.2
Total Cholesterol :High Density Lipoprotein ratio 3.8 + 1.9 3.8 + 1.4
Data expressed as mean + standard deviation (SD)
SBP=Systolic Blood Pressure, DBP=Diastolic Blood Pressure, MAP=Mean Arterial Pressure
*P<0.05
**P<0.01
Table I: Clinical characteristic of subjects with family history of hypertension (FHT) and the matched controls
Controls (35) FHT (35)
Cardiac ejection time (msec) 333 + 23 339 + 25
Stroke Volume Index (ml/beat/m2) 48.0 + 6.7 46.6 + 7.0
Estimated Cardiac Output Index (L/min/m2) 3.2 + 0.3 3.2 + 0.4
Large artery elasticity index (ml/mmHg X 10) or C1 15.7 + 4.8 15.3 + 4.4
Small artery elasticity index (ml/mmHg X 10) or C2 7.9 + 3.6 7.9 + 3.4
SVR (dyne•sec•cm-5) 1376 + 376 1292 + 347
TVI (dyne•sec•cm-5) 131 + 46 128 + 44
Data expressed as mean + standard deviation (SD)
SVR=Systemic Vascular Resistance, TVI = Total Vascular Impedance
*P<0.05
**P<0.01
Table II: The comparison of cardiovascular haemodynamic parameters between subjects with FHT and controls
Fig. 1: The comparison of 24 hour blood pressure variability
(BPV) in subjects with family history of hypertension (FHT)
and the matched controls.
Fig. 2: The comparisons of daytime blood pressure variability
(BPV) in subjects with FHT and matched controls.
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recording, the diary was collected and the subjects underwent
arterial compliance measurement, after lying supine for at
least 30 minutes. Measurement of arterial compliance was
done by a single operator. 
Subjects who agreed to proceed with humoral factors
evaluation were called back three weeks after the initial study.
The subjects were told to maintain their normal sleeping
habits.  Twenty four hours before the study, the subjects were
required to abstain from alcohol, nicotine and caffeinated
food and beverages, and to avoid activities such as staying up
late and excessive exercise that might confound the relation
with catecholamine.  The subjects were however allowed to
eat light breakfast two hours before the study.
Statistical Analysis
BPV was defined as the standard deviation (SD) of the mean
of systolic blood pressure (SBP), diastolic blood pressure (DBP)
and mean arterial pressure (MAP), averaged for each subject
individually.  They were analyzed according to the 24 hour,
daytime and night time period.  Awake (daytime) and asleep
(night time) BP were yielded based on actual times noted in
participants’ diaries.  Artifacts were defined as any of the
following: SBP < 50 mmHg or > 250 mmHg, DBP>SBP or DBP
<30 mmHg or > 150 mmHg. No other editing of data was
performed.  As for arterial compliance, the average of
duplicate measurements of C1 and C2 were taken. 
All data were given as mean + SD. Kolmogorov-Smirnov test
was performed to determine the normality of the data.
Fig. 3: The comparisons of night time blood pressure variability
(BPV) in subjects with FHT and matched controls.
Fig. 4: Scatterplot diagram showing the correlation between
small artery compliance (C2) and night time systolic BPV in
subjects with FHT.
Fig. 5: Scatterplot diagram showing the correlation between
epinephrine and daytime systolic BPV in subjects with
FHT.
Fig. 6: Scatterplot diagram showing the correlation between
epinephrine and daytime mean arterial BPV in subjects
with FHT 
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Comparison of the group means were made by paired t-test.
For data which are not normally distributed, the Wilcoxon
Signed Rank Test was used.  The statistical differences between
group means in humoral study were assessed by unpaired
student t-test.  Mann-Whitney test was used for data that
were not normally distributed.  The associations between
measured parameters were done by bivariate correlation
analysis (Pearson correlation coefficient).  Student’s t-test was
used to test the significance of the correlation. The level of
significance of all tests is determined at P < 0.05.
All statistical analyses and diagram plots were performed with
SPSS for Windows version 11.5 (SPSS Inc., Chicago, IL, U.S.A.)
RESULTS
There were no significant differences with regards to the
biochemical profiles in both groups (see Table I).  As for
humoral factors analyses, 25 subjects and 26 matched
controls had consented to further participate in this study.
The remaining subjects refused to participate, cited the
reasons of the invasive nature of this study and unavailability
during the study period.  There were no significant difference
in terms of age, sex and BMI between the consented group
and the drop outs.
Blood Pressure Variability
There were no significant differences in 24-hour and daytime
BPV (see Figure 1 and 2 respectively).  However, subjects with
FHT have higher night time systolic (P=0.023), diastolic
(P=0.036) and mean arterial (P=0.017) BPV as compared to
the control subjects (see Figure 3) despite their BP being
within the normotensive range.
Arterial Compliance
There were no significant differences in arterial compliances
and other vascular parameters in both groups (see Table II). 
Correlation analysis of BPV and arterial compliance 
There were no significant correlations between the C1 and
BPV in 24 hour, daytime and night time analyses in both FHT
subjects and controls.  There were also no correlations
between C2 and 24-hour and daytime BPV in both FHT
subjects and the controls.   However, night time BPV analysis
showed that subjects with FHT has significant negative
correlation between C2 and systolic BPV (see Figure 4).
Comparison of Catecholamines, Renin and Aldosterone Assays
There was a significantly high plasma NE level in subjects
with FHT (368.31 pg/mL) than controls (282.25 pg/mL).
There were however no significant differences in plasma E,
renin and serum aldosterone level between the two groups.
Correlation Between Catecholamines, Renin and Aldosterone And
BPV
There were no significant correlations between NE,
aldosterone and renin with BPV whether in 24 hour, daytime
or night time analysis.  There was however significant
negative correlation between E and daytime systolic BPV and
mean arterial BPV (see figures 5 and 6 respectively).  
Correlation Between Humoral Factors and Arterial Compliance
There were no significant correlation between NE, E and
aldosterone and arterial compliance in both groups. However,
there were significant positive correlations between renin and
small artery compliance (r=0.470, P=0.015) in subjects
without FHT. 
DISCUSSION
BPV and Arterial Compliance
Hypertension is associated with increased BPV and reduced
arterial compliance.  It is however, still debatable as to
whether these two abnormalities precede or are merely the
consequences of sustained elevated BP.  The present study
revealed that subjects with FHT showed higher systolic,
diastolic and mean arterial BPV in night time analysis
compared to the controls.  These findings were supported by
others17 who found higher systolic and diastolic BPV during
24 hour and daytime analysis.  The difference in the period of
analyses would probably be due to the younger mean age of
participants in that study (20.2 and 20.6 years)  in both
groups and uneven distribution of male and female
participants where males being more in the FHT group. The
present study took into account the fact that gender plays an
important role in arterial pressure.
The finding that BPV was increased in subjects with FHT
could have several implications.  It strengthened the
suggestion that genetic factors are expressed to a greater
extent in BPV than through mean BP level.  Since variability
in BP has been shown to be a significant prognostic marker
for the subsequent development of hypertension33 and for
increases in target organ damage, the increase detected in the
offspring could be of prognostic significance. 
There were however, no significant differences in terms of
arterial compliance.  This finding is supported by Grey et al.37
but not by others38.  The difference could be in the method
used as the former employed the same device whereas the
latter used the noninvasive high resolution ultrasonography.
Study utilizing pulse wave velocity has also found that FHT
does not significantly affect aortic stiffness30.   This may
suggest that the extent of the severity of atherosclerosis has
minimally influence this vascular abnormality at this stage.
Furthermore, altered arterial compliance has been shown
only in a case of extensive atherosclerosis in patients with
clinically manifested CAD in hypertension or
hypercholesterolemia39.  This reasoning is further supported
in the human studies among middle aged and elderly
subjects, in which significant increase in arterial stiffness was
only observed in those with carotid IMT values greater than
0.8-0.9 mm 40-42 and in a middle-age population, the increased
IMT did not cause any increase in the common carotid artery
stiffness40. 
The Role of Sympathetic Nervous System
Bivariate correlation analysis showed that there was a
significant but weak negative correlation between night time
systolic BPV and small arterial compliance in subjects with
FHT.  The correlation that existed during sleep and in the
absence of physical activity may enlighten the fact that the
primary determinant of BPV in FHT is the autonomic nervous
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system and hormonal influence.  It has been noted that
autonomic abnormalities were demonstrable in subjects with
FHT43 where there were reduced baroreflex sensitivity and
increased plasma NE in these subject group.  An increase in
the ratio of sympathetic to parasympathetic at the cardiac
level in normotensives with FHT has also been reported44.
Another study45 found that cold pressor test induced
sympathetic responses were subnormal in hypertensive
patients and those with FHT as compared to the
normotensives and subjects without FHT.  This is supported
by the fact that BRS in normal human is strongly influenced
by genetic variance46.   The study found that the heritability
estimate was only attenuated after correction for BMI and BP. 
In explaining the small arterial correlation with BPV in
subjects with FHT, physiologically, the effects of sympathetic
nerve activity is more marked in the peripheral and smaller
arteries as these arteries have more sympathetic
innervations47.  It has been postulated that in smaller arteries,
the arterial compliances are under the influence of functional
changes and are less distensible than larger arteries and
respond at a greater degree to increase sympathetic nerve
activity48.  
Increase Norepinephrine in Subjects with Family History of
Hypertension
The heritability of sympathetic over-activity in human has
been the focus of attention to identify the high risk subjects
for CVD.  In monozygotic twins, skeletal muscle sympathetic
nerve firing rates were found to be almost identical in
individual pairs, unlike in randomly paired groupings of
unrelated subjects in whom a wide range of nerve firing rates
was evident49.  Similarly, twin studies investigating
heritability of plasma NE concentrations have attributed
approximately 50% of the variance to the genetic factors50.
Higher level of NE has been reported in subjects with FHT43, 51-52.
The increase in NE can contribute to hypertension not only
by increasing vascular tone but also by altering renal sodium
and water homeostasis53, and by inducing cardiac54 and
vascular remodeling55.
However, the present study showed that there was no
significant correlation between NE and BPV or between NE and
arterial compliance in subjects with FHT.  The lack of
correlation of NE and BPV is probably based on the physiologic
components of the sympathetic nervous system itself.  The
mechanisms that underlie inappropriate sympathetic
overactivity, which can be measured either by plasma NE, NE
spillover, MSNA or spectral analysis56 can arise from different
sympathoneuronal axis whether from an afferent limb, central
neural integration or efferent pathways.  In this case, it is likely
that due to the multiple possible causes, the increase in NE in
subjects with FHT in the present study did not reflect
abnormalities at other sympathoneural pathways, including
that of baroreflex control.  It is also possible that any alteration
in baroreflex system causing high BPV and the abnormality in
efferent pathway causing high plasma NE level are taking their
own route cause without influencing one another.  To date, the
precise genetic mechanism of baroreflex impairment linked to
FHT is not known56. 
Epinephrine is Negatively Correlated with BPV in Subjects with
Family History of Hypertension 
E has been reported to be increased in hypertensives57.  There
were however contradictory results with regards to E levels in
subjects with FHT.  Some authors found significant increase58
but not others16,59.   In the former58 however the E level was
strongly associated with high individual BP in subjects with
FHT as the difference was not seen in the offspring who had
low individual BP irrespective of their parental hypertension
status.
The negative relationship of E and BPV in subjects with FHT
seemed to suggest the importance of biphasic response of E in
cardiovascular homeostasis.  At low concentration,
circulating E stimulates‚ β2-adrenoceptors causing
vasodilatation while at high concentration, it causes
vasoconstriction mediated by a1 adrenoceptors.   Study by
Julien et al. 60 had suggested it is the vasoconstrictor tone that
has been claimed to be necessary for expression of BPV.
Renin Association with BPV and Arterial Compliance 
Finally, the finding of similar level of plasma renin and
aldosterone in subjects with FHT and control concurred with
another study59.   Even among hypertensives, renin and
aldosterone were not significantly different from the matched
normotensives 28.  The same study however reported that
aldosterone was significantly correlated negatively with
systemic arterial compliance in hypertensives.  Further
analysis showed that the correlation was present only in the
normal and high plasma renin activity (PRA) subgroups
(where normal PRA was defined as between 0.8-4.0
ng/mL/hour). 
The present study also showed that there was no significant
correlation between plasma renin and BPV.  A study among
hypertensives revealed that increased PRA during postural
maneuvers correlated with the increase of lower frequency
(LF) component of diastolic BPV22.   LF is assumed to reflect
the sympathetic activity and the BPV in this study was
derived by the spectral analysis method.   However, in this
case the increased in PRA had resulted from the changes in
posture and might not reflect the true association of plasma
renin with increase BPV.  The present study however looked
at the aspect of plasma renin concentration unaffected by
postural factor.
Renin concentration on the other hand was found to be
strongly and positively correlated with small arterial
compliances in subjects without FHT.  The tendency for the
arterial compliance to be higher, the higher the plasma renin
probably represents an effective regulatory response to a low
to normal circulating level of Ang II, a potent vasoconstrictor
in subjects without FHT, which is probably lost in subjects
with FHT. This is further supported by a study that revealed
subjects with FHT have a defective Ang II suppression of
plasma renin, which is corrected by AT1 receptor blockade61.
Limitation of the Study 
The limitation of the study is the fact that the plasma level of
NE and E may not reflect fully the sympathoneural and
adrenomedullary activities as firstly, the plasma levels are
determined not only by the rate at which this catecholamines
enter plasma, but also their rate of removal.  Second, the
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sympathetic outflow to different organ is not uniform and in
particular during sympathetic stimulation, sympathoneural
responses showed a different pattern across different organs,
depending on the kind of stimulus62.
To further improve the study, serial measurement of humoral
factors are recommended with a focus on measurement of
regionally released catecholamines which may explain the
changes in baroreflex mechanism better.
In conclusion, subjects with FHT demonstrated a higher night
time BPV and NE level as compared to controls. There were
no association between BPV and NE, but BPV was negatively
associated with E in subject with FHT. Small arterial
compliance on the other hand was positively correlated with
plasma renin in subjects without FHT.
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